on behalf of the ENGAGE AF-TIMI 48 Trial Investigators* Background--The impact of different types of extracranial bleeding events on health-related quality of life and health-state utility among patients with atrial fibrillation is not well understood.
C ontemporary management of atrial fibrillation (AF) imposes many challenges. Anticoagulation in patients with AF involves a careful balance between maximizing the benefit with respect to the prevention of stroke while minimizing the bleeding risk. Several novel oral anticoagulants have been approved and released on the market as alternatives to warfarin in recent years; in a meta-analysis, the novel oral anticoagulants significantly reduced stroke/ systemic embolic event (SEE), mortality and intracranial hemorrhage (ICH), while gastrointestinal bleeding was increased. 1 Relative to warfarin, the novel oral anticoagulants have the additional benefit of greater ease of use. Prior studies have revealed that patients with AF have impaired quality of life (QOL) and that QOL scores are influenced by age, sex, and baseline medical conditions. [2] [3] [4] [5] [6] Few studies have examined the impact of adverse events such as bleeding on QOL in patients with AF 7 and little is known about the impact of different types of bleeding events on QOL, and whether and how that impact changes over time. Insight into the impact of different categories of nonfatal bleeding events on health-state utility in patients with AF receiving oral anticoagulant therapy may provide a framework to improve understanding of the net clinical benefit and cost-effectiveness of novel oral anticoagulant therapies relative to warfarin. The ENGAGE AF-TIMI 48 (Effective Anticoagulation with Factor Xa Next Generation in Atrial Fibrillation-Thrombolysis in Myocardial Infarction 48) Trial was a 3-arm, randomized, double-blind, double-dummy trial comparing 2 once-daily dose regimens of edoxaban (higher dose [60 mg] and lower dose [30 mg] ) to warfarin with respect to the prevention of stroke or systemic embolism in patients with AF. We used data from ENGAGE AF-TIMI 48 to examine the impact of different categories of extracranial bleeding events on health-state utility scores for patients with AF, and how the impact of bleeding events on health-state utility changes over time since the event.
Methods

Study Population
The design, methods, and clinical results of the ENGAGE AF-TIMI 48 trial have been described previously. 8, 9 Briefly, patients from 1393 centers in 46 countries were enrolled between November 2008 and November 2010. Eligible patients were randomly assigned in a 1:1:1 ratio to receive warfarin, dose-adjusted to achieve an international normalized ratio of 2.0 to 3.0 or to receive higher-dose 60 mg, or lowerdose 30-mg edoxaban regimens; the dose of edoxaban in each arm was reduced by 50% in patients with anticipated increased exposure based on creatinine clearance, body weight, and concomitant permeability glycoprotein inhibitor use. Patients with a high risk of bleeding such as history of prior ICH, major bleeding or peptic ulcer disease within 1 year, hemorrhagic disorders, thrombocytopenia, need for dual antiplatelet therapy, severe renal failure, moderate or severe hepatic insufficiency, active infective endocarditis, uncontrolled hypertension (blood pressure >170/ 100 mm Hg), or recent severe trauma, major surgery, or deep organ biopsy within the previous 10 days, were all excluded. The study was approved by the institutional review board at each site, and all patients provided written informed consent before participation.
Quality of Life Assessments
Quality of life was assessed using the self-administered EuroQol 5 Dimension questionnaire, which was completed at baseline and at 3-month intervals for up to 4 years (median 2.8 years) by a subsample of %80% of patients from the overall trial population. The EuroQol 5 Dimension questionnaire is a generic health status measure consisting of 5 domains (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) that can be converted to utilities using an algorithm developed for the US population. 10 Utilities are preference-based health status measures and range from 0 to 1, with 1 representing perfect health and 0 corresponding to the worst imaginable health state. 11 The EuroQol 5
Dimension questionnaire has been extensively validated and frequently used to assess health-state utility and healthrelated QOL in health economic studies for patients with cardiovascular disease. 12 For the purposes of this study, only patients who had baseline and at least 1 follow-up QOL assessment were included in the study population.
Clinical Perspective
What Is New?
• The impact of different types of extracranial bleeding events on health-state utility among patients with atrial fibrillation was examined using data from the ENGAGE AF-TIMI 48 (Effective Anticoagulation With Factor Xa Next Generation in Atrial Fibrillation-Thrombolysis in Myocardial Infarction 48) trial.
• Compared with clinically relevant nonmajor and minor bleeds, major gastrointestinal and nongastrointestinal bleeds were associated with larger immediate decrements in utility scores that decreased gradually over the year following the bleeding event and were no longer statistically significant at 12 months.
• In contrast, clinically relevant and minor bleeding events were associated with smaller but statistically significant initial decreases in utility that persisted for 12 months.
What Are the Clinical Implications?
• These findings have potential use in future studies of the net clinical benefit and cost-effectiveness of alternative strategies for stroke prevention in patients with atrial fibrillation.
Bleeding End Points
The primary safety end point in ENGAGE AF-TIMI 48 was adjudicated major bleeding. Spontaneous bleeding events requiring medical attention were adjudicated by an independent and blinded clinical events committee, according to prespecified criteria as defined by the International Society on Thrombosis and Haemostasis. 13 The specific event categories included major gastrointestinal bleeding, major nongastrointestinal bleeding, and clinically relevant nonmajor (CRNM) bleeding. Major bleeds include symptomatic bleeding in a critical area or organ, such as intraspinal, intraocular, retroperitoneal, intraarticular, or pericardial, or intramuscular with compartment syndrome and/or bleeding causing a decrease in hemoglobin level of 2 g/dL (1.24 mmol/L) or more, or leading to transfusion of 2 or more units of whole blood or red blood cells. CRNM bleeds are acute or subacute clinically overt bleeds that do not meet the criteria for major bleed but prompt a clinical response, in that they lead to at least 1 of the following: a hospital admission for bleeding; a physician-guided medical or surgical treatment for bleeding; or a change in antithrombotic therapy (including interruption or discontinuation of study drug). Bleeding events that did not require medical attention were classified as minor bleeding, without clinical events committee adjudication.
Statistical Analysis
Baseline clinical and demographic characteristics and QOL scores were compared between patients included versus excluded from this QOL study, and within the QOL study between those with versus without bleeding events, using 2-sample Student t tests for continuous variables and v 2 or
Fisher exact tests for categorical variables. Standardized differences, assuming a threshold of 10% for a clinically meaningful difference, 14 were calculated for the comparison of baseline characteristics in the study sample versus those patients excluded from the analysis, in order to evaluate the importance of statistically significant differences given the large sample sizes in both groups. 15 Longitudinal mixed effect models were used to examine the impact of different categories of bleeding events on QOL scores by modeling bleeding events as time-varying covariates. 16 These models incorporate all available health status data from all follow-up time points, and accommodate missing data under the assumption of missing at random. Variables included in the models were baseline QOL score, bleeding status, and time relative to the bleeding event. Linear, quadratic, and cubic effects of follow-up time were considered, as well as all corresponding interactions between follow-up time and bleeding status. The interactions between bleeding status and time elapsed since the bleeding events were added to the models to assess any changes in the impact of bleeding events over time. In addition, age, sex, and all other baseline clinical characteristics listed in Table were included in the model development. The models were optimized using a backward selection process and only variables with P<0.1 were retained.
To avoid potential confounding of other vascular events on the estimated impact of bleeding events on QOL outcomes, patients who experienced any stroke, transient ischemic attack, myocardial infarction, or systemic embolic event were censored on the date of the first thrombotic event. In addition, patients who experienced multiple bleeding events of either the same or different types were censored on the date of the second bleeding event. Any QOL measures on or after the date of censoring were thereby excluded from the analysis.
All analyses were performed using SAS for Windows version 9.4 (SAS Institute, Cary, NC), and a 2-tailed P<0.05 was considered statistically significant for all comparisons.
Results
Patient Population and Baseline QOL
A total of 21 105 patients were enrolled in the ENGAGE AF-TIMI 48 trial, of whom 10 706 had baseline and at least 1 follow-up EQ-5D collected. Most of the standardized differences between the patients included versus excluded from the QOL study were <10%; only the standardized differences in creatinine clearance, CHADS2 score, dyslipidemia, and hypertension were slightly higher than 10% (Table S1 ). These results suggest no substantial difference between the 2 cohorts. Patients excluded specifically because of having no follow-up QOL assessments (n=236) had lower mean baseline EQ-5D utility scores than those included in the analysis (0.836 versus 0.808, P=0.004); because the analysis adjusts for baseline score, this is unlikely to impact our findings. There were 2492 patients in the QOL study population for whom a spontaneous nonintracranial bleed was reported as a first event; 207 of these were major gastrointestinal bleeds, and 152, 1419, and 714 were major nongastrointestinal, CRNM, and minor bleeds, respectively. One hundred thirty-seven ICH were observed in the study population, though only 23 of these ICH events were the first event for the patient; therefore, ICH bleed was not analyzed because of small sample size.
For each bleeding category, patients with versus without a bleeding event were older and more likely to have a history of non-ICH bleeding history and prior coronary artery bypass graft at baseline (Table) . Baseline EQ-5D utility scores did not differ for patients with versus without a bleeding event.
Completeness of QOL data collection was high (>90%) throughout the entire study period among the 10 706 patients who were included in this analysis (Table S2) , although it tended to be slightly lower for patients with versus without major gastrointestinal bleeding events beginning at the 6-month follow-up and thereafter.
Impact of Bleeding on Quality of Life
After adjusting for baseline score and clinical and demographic characteristics, results from the longitudinal mixed effect models revealed that all categories of bleeding events were associated with a significant immediate reduction in EQ-5D utility (Figure) . Figure demonstrates the estimated impact of bleeding over time, for each of the categories of bleeding events. For major gastrointestinal and nongastrointestinal bleeds, the impact on utility scores consistently decreased in magnitude over time; while the impact of major nongastrointestinal bleeds was no longer statistically significant at 9 months, the impact of major gastrointestinal bleeds on utility scores remained borderline significantly (À0.011 points, P=0.058) at 12 months. The impacts of CRNM and minor bleeding events on utility were smaller but persisted throughout 12 months with no clear temporal trend.
Discussion
Bleeding is the most common complication associated with anticoagulation management in patients with AF. The frequent (3-month intervals) assessment of QOL with the EQ-5D questionnaire in the ENGAGE AF-TIMI 48 trial allowed us to estimate the impact of extracranial bleeding events on healthstate utility over the course of 12 months following the event. All categories of bleeding events were associated with significant immediate decreases in EQ-5D utility. Compared with CRNM and minor bleeds, major gastrointestinal and nongastrointestinal bleeds were associated with larger immediate decrements in utility scores that decreased gradually over the year following the bleeding event and were no longer statistically significant at 12 months. In contrast, CRNM and minor bleeding events were associated with smaller but statistically significant initial decreases in utility that persisted for 12 months. The persistence of this decrease is unexpected, and may be because of unmeasured confounding in the population that experiences minor bleeds. The larger relative magnitude of the impact of minor versus CRNM bleeds on utility may be related to the fact that by definition, CRNM bleeding events require some degree of medical intervention, whereas minor bleeding events do not.
To put the estimated immediate disutilities associated with major, CRNM, and minor bleeding events of À0.020, À0.010, and À0.016 from our study in context, a study of complicationspecific changes in utility based on longitudinal data from patients with type 2 diabetes mellitus reported decreases in EQ-5D-derived utility scores ranging from À0.026, À0.045, and À0.049 for myocardial infarction, congestive heart failure, and renal failure, to À0.083, À0.099, and À0.122 for Figure. Estimated impact of bleeding events on EQ-5D utility. EQ-5D indicates EuroQol 5 Dimension questionnaire; GI, gastrointestinal; CRNM, clinically relevant nonmajor. blindness, stroke, and amputation, respectively. 17 The esti- were associated with larger decrements in utility (À0.045 points), whereas even minor bleeds (BARC type 1) were associated with smaller but still detectable decreases in utility. A similar finding was observed for patients with acute myocardial infarction with respect to nuisance bleeding, which was found to be independently associated with worse QOL at 1 month. 19 Our study is unique, however, given its examination of the trajectory of QOL outcomes over 12 months following the bleeding event. The lack of statistical significance with respect to the estimated utility decrements at 9 months for major nongastrointestinal bleeds and at 12 months for major gastrointestinal and major nongastrointestinal bleeds may be because of the relatively small number of events (207 and 152 major gastrointestinal and nongastrointestinal bleeds, respectively, as compared with 1419 and 714 CRNM and minor bleeds, respectively) or survivor bias resulting from a higher death rate for patients with more severe bleeds. These estimates of the pattern of utility changes over time for bleeding events in patients with AF have implications for the estimation of quality-adjusted life years in cost-effectiveness studies. In recent years, studies of the cost-effectiveness of anticoagulation or other approaches to stroke prevention in patients with AF have generally applied utility estimates from a limited number of available sources including the Beaver Dam Health Outcomes Study and the national catalog of preference-based scores for chronic conditions in the United States. [20] [21] [22] [23] [24] [25] [26] However, both of these sources are based on data obtained from general community populations, and therefore the utility/disutility estimates may not pertain to patients with AF. Moreover, in cost-effectiveness analyses, the impact of bleeding events is often assumed to be transient. 23, 24, 27 For example, published cost-effectiveness analyses comparing apixaban and edoxaban versus warfarin assumed disutilities of À0.1511 lasting 2 weeks for major extracranial hemorrhage, À0.0582 lasting 2 days for CRNM bleeds, and À0.013 lasting 2 days for minor bleeds. 28, 29 Even with the assumption of no impact on utility beyond 1 year for all categories of extracranial bleeds, results from the current study suggest that disutilities for all categories of bleeds from the patient's perspective may be greater in magnitude than previously assumed. This could have an impact for the evaluation of net clinical benefit, comparative effectiveness, and cost-effectiveness evaluation of alternative anticoagulation strategies, for which chronic utility and temporary disutility weights are or might be used to combine different clinical events into a common metric.
Results from an analysis of data from the RE-LY trial examining the impact of therapy with dabigatran versus warfarin on health-state utility in patients with no major clinical events found no evidence to suggest that the relative complexity and inconveniences of management with warfarin versus dabigatran yielded any measurable decrement in health-state utility. 30 The double-blind double-dummy design of the ENGAGE AF-TIMI 48 trial precluded us from exploring the impact of international normalized ratio monitoring and dose adjustment on QOL in our analysis.
Study Limitations
This study should be considered in light of several important limitations. The ENGAGE AF-TIMI 48 trial enrolled subjects with AF at medium or high risk of thromboembolic events, and excluded subjects with AF caused by a reversible disorder, severe renal dysfunction, a high risk of bleeding, and moderate or severe mitral stenosis. Our results may not apply to patients outside of the select enrolled trial population. The EuroQol 5 Dimension questionnaire is a simple, generic health status questionnaire, for which each of the 5 component domains is measured on a 3-level scale (indicating no problem, some or moderate problem, and extreme problem); as a result it may have limited ability to delineate minor but important clinical differences in health status. Despite adjustment for potential confounders in all models, there remains the possibility of unmeasured confounding. The exclusion of patients with no or limited QOL information might introduce the possibility of selection bias. Since we observed slightly more missing data in patients with a major gastrointestinal bleed, it is possible that the missing data could affect our results if the assumption of missing at random does not hold, though this seems unlikely given the high rate of QOL data collection across all bleeding categories and follow-up time points. This study considered only the first bleeding event within a patient; thus the results may not accurately relate to the impact of a second bleeding event of either the same or different type on health-state utility.
Conclusions
In summary, in this large-scale prospective study of patients with AF, we found that all categories of bleeding events were associated with measurable immediate decreases in healthstate utility. Major gastrointestinal and nongastrointestinal bleeds had relatively large immediate decrements, which decreased in magnitude over time and were no longer statistically significant at 12 months. CRNM and minor bleeding events were associated with smaller initial decrements in utility that remained statistically significant and relatively consistent in magnitude through 12 months after the bleeding event. Collectively, these findings have potential use in future studies of the net clinical benefit and cost-effectiveness of alternative strategies for stroke prevention in patients with AF.
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